Notwithstanding, the severe environmental conditions, deserts harbour a high diversity of adapted micro-organisms. In such oligotrophic environments, soil physicochemical characteristics play an important role in shaping indigenous microbial communities. This study investigates the edaphic bacterial communities of three contrasting desert terrain types (gravel plains, sand dunes and ephemeral rivers) with different surface geologies in the Central Namib Desert. For each site, we evaluated surface soil physicochemistries and used explorative T-RFLP methodology to get an indication of bacterial community diversities. While grain size was an important parameter in separating the three terrain types physicochemically and specific surface soil types could be distinguished, the desert edaphic bacterial communities displayed a high level of local spatial heterogeneity. Ten variables contributed significantly (P < 0.05) to the variance in the T-RFLP data sets: fine silt, medium and fine sand content, pH, S, Na, Zn, Al, V and Fe concentrations, and 40% of the total variance could be explained by these constraining variables. The results suggest that local physicochemical conditions play a significant role in shaping the bacterial structures in the Central Namib Desert and stress the importance of recording a wide variety of environmental descriptors to comprehensively assess the role of edaphic parameters in shaping microbial communities.
INTRODUCTION
Desert ecosystems, which form the largest terrestrial biome covering circa 35% of the Earth's land surface, are defined by a precipitation to potential evaporation ratio lower than 1 (Pointing & Belnap, 2012) . They are characterised by an elevated desiccation potential, high UV radiation and extremely fluctuating daily and seasonally temperatures (Pointing & Belnap, 2012) . In addition, deserts are typically low-energy ecosystems with limited nutrient availability (Pointing & Belnap, 2012) . Notwithstanding, these severe conditions, both hot and cold deserts harbour a high diversity of micro-organisms (e.g. Aislabie et al., 2008; Direito et al., 2011; Andrew et al., 2012; Lee et al., 2012; Makhalanyane et al., 2013) . It has been shown that in oligotrophic environments such as deserts, where food webs are generally simple, soil physicochemical characteristics such as water availability (Drees et al., 2006; Clark et al., 2009; Wichern & Joergensen, 2009 ), pH (Andrew et al., 2012 Geyer et al., 2013) , carbon content (Wichern & Joergensen, 2009; Andrew et al., 2012; Geyer et al., 2013) , nitrate concentration (BenDavid et al., 2011) , salt content and conductivity (Andrew et al., 2012; Lee et al., 2012; Geyer et al., 2013) and particle structure (Wichern & Joergensen, 2009; Ehrenfreund et al., 2011; Andrew et al., 2012) play a significant role in shaping indigenous microbial communities (Lee et al., 2012) .
In addition, micro-organisms contribute to the weathering of rock formations in desert ecosystems (Chen et al., 2009; Borin et al., 2010; Kutovaya et al., 2012) and microbial community structures are influenced by the substrate mineral composition (Gommeaux et al., 2010; Pietrasiak et al., 2011; Steven et al., 2013 ). An analysis of the influence of soil parental material on the distribution of microbial soil crusts in the Mojave and Colorado Deserts (Pietrasiak et al., 2011) demonstrated that the proximity to granite bedrock and its associated 'grusy' granite soils were key determinants in crust distribution, indicating the importance of geology in shaping desert microbial soil crusts. Biological soil crusts of the Colorado Plateau also exhibited differences in crust community composition between various soil types, where gypsum soil microbial assemblages were the most divergent (Garcia-Pichel et al., 2001; Bowker & Belnap, 2008; Steven et al., 2013) .
The Namib Desert, one of the world's oldest deserts with an estimated age of 80 million years (Prestel et al., 2008) , covers much of the western coast of Namibia (Southgate et al., 1996) . It can roughly be divided into two very different latitudinal zones: the northern gravel deserts (dominated by gypsum, calcretes and with extensive quartz pebble desert pavements; Eckardt et al., 2013a) , and the southern 'sand sea' (a recently declared UNESCO World Heritage Site), a region of parallel dune and interdune structures running in a north-south orientation (Southgate et al., 1996) . The two zones, separated by the Kuiseb River, differ hugely in geological composition, microclimate and macrobiology (Eckardt et al., 2013a,b) .
In this study, the edaphic bacterial communities of the three contrasting desert terrain types, described above (i.e. gravel plains, sand dunes and ephemeral rivers), were investigated. The study was conducted in the hyperarid Central Namib Desert. The terrain types consisted of different surface geologies and we evaluated the effect of the underlying lithologies (e.g. schist, granite, sandstone) as well as younger silts, sands, conglomerates, gravels and salts on surface soil physicochemistry and bacterial community diversities. Soils from all three terrains were collected and characterised physicochemically, by recording 30 environmental parameters, and biologically, by exploring the bacterial community structure using T-RFLP fingerprinting. This holistic approach was applied to investigate (i) whether desert soil terrain types can be distinguished physicochemically and/or biologically, (ii) whether the subsurface geological formation defines the physicochemical characteristics of the desert surface soils, (iii) whether T-RFLP fingerprints of edaphic bacterial communities can be linked to specific terrains and/or underlying geologies and (iv) whether it is possible to identify specific soil physicochemical characteristics as significant drivers of desert edaphic bacterial assemblages.
MATERIAL AND METHODS
Study area, site selection and sample collection
The sampling was conducted in the vicinity of the Gobabeb Research and Training Centre (GRTC) in the Central Namib Desert (Fig. 1) . We sampled different surface materials including schist, granites, calcified cover, calcified conglomerates, sandstone, dune sand, silts and gravels originating from three contrasting desert terrain types, that is an ephemeral river, the gravel plains and the sand dunes, which harbour a range of established surface geologies. (Table 1) (Eckardt et al., 2013a) .
Apart from the riverine Gobabeb Gravels, surface materials from replicate and geographically distinct sites, that is set at least a few hundred metres apart, were sampled to test intraterrain-type and intrageological-unit variability. This resulted in the sampling of desert soils from a total of 22 sites ( Fig. 1 ; geological characterisations, Table 1; site  coordinates, Table S1 ). At each sampling site, four true replicate surface (0-5 cm) soil samples were collected aseptically. Each true replicate sample corresponded to a mixture of 5 pseudo-replicates taken within a 1 m 2 quadrat and collected at the vertices of a 50-m perpendicular cross (Fig. 1 ). For the Gobabeb Gravels (GB), the 4 replicate samples were taken on selected terraces and at the Homeb Silt sites (HM) surface soil was scraped off the silt castles. The samples were collected in sterile Whirl-Pak â sampling bags (Nasco, Wisconsin, USA) and stored at room temperature for 48 h prior to their arrival at the Centre for Microbial Ecology and Genomics (University of Pretoria, South Africa). Aliquots were then stored at À20°C for subsequent molecular analyses and the residual soil at 4°C for physicochemical analyses.
Environmental descriptors
Each soil sample was characterised by 30 environmental descriptors (Table S1 ). The particle size analysis (PSA) was performed by means of laser diffraction on a Malvern Mastersizer 2000 attached to a Hydro 2000G wet sample dispersion unit. We measured surface weighed mean (SWM) and the accumulated percentages in different size categories described in ISO 14688-1 (clay, fine silt, medium silt, coarse silt, fine sand, medium sand and coarse sand). The moisture content was evaluated as the percentage weight loss after drying 2 g of soil at 100°C for 12 h. The pH was recorded with a pH metre (Crison basic 20, Barcelona, Spain) by dissolving 10 g of soil in deionised water at a 1:2.5 soil/water ratio (Eckert & Sims, 1995) .
Total nitrogen present as ammonium (NH þ 4 -N) and as nitrate (NO À 3 NO -3 -N) was extracted with a potassium chloride solution (1M) and determined by steam distillation and subsequent titration as described by Keeney & Nelson (1982) . Prior to all other analyses, the soils were sieved (2 mm) and dried overnight at 37°C. Total carbon (%) was measured by oxidising the organic material with potassium dichromite and sulphuric acid, and titrating the excess dichromite (Walkley, 1935; Nelson & Sommers, 1982) . Extractable phosphorus was determined with the Bray-1 method (Bray & Kurtz, 1945) . The cation exchange capacity (CEC) was measured using an ammonium acetate solution as extractant for the exchangeable plus water-soluble cations. The initial ammonium acetate extract (1M) was analysed using an ICP-OES (Spectro Genesis, Spectro Analytical Instruments GmbH, Germany) to measure Na, K, Mg, Ca and S concentrations. Further extractions with ammonium acetate (0.1M) and potassium chloride (1M) were steam distilled to separate the ammonia which is taken as an equal of the CEC of the soil (Rhoades, 1982) . Trace elements and heavy metals (Al, Cd, Cr, Cu, Fe, Mn, Ni, Zn, V and Co) were extracted from 10 g of soil using an EDTA buffer and measured with an ICP-OES, after filtering through a 0.45-lm Millipore filter (EMD Millipore Corporation, Billerica, MA, USA).
DNA extraction, PCR protocols and terminal restriction fragment length polymorphism (T-RFLP) analyses
As our aim was to compare bacterial communities from desert soils with different physicochemestries, we extracted total soil DNA using a single method (Lombard et al., 2011) : the PowerSoil â DNA Isolation kit (MO BIO Laboratories, Carlsbad, CA, USA), following the manufacturer's Fig. 1 Map of the Central Namib Desert in the vicinity of the Gobabeb Research and Training Centre (GRTC) displaying the different geologies, the Kuiseb River and the locations of the sampling sites. The site codes and geological characterisation are described in Table 1 and the site coordinates in Table S1 . The inset schematises the sampling strategy employed at each site Abdo et al. (2006) was used for filtering noise (using a standard deviation of 2) and binning the peaks into Operational Taxonomic Units (OTU).
Statistical analyses
Prior to analysing the edaphic bacterial community structures in the Central Namib Desert samples, the physicochemical and biological data sets were considered separately. A principal component analysis (PCA) of the normalised environmental data set was performed using PRIMER 6 (Clarke, 1993) to assess the dominating environmental gradients. Plots of the correlation circles for the environmental variables were produced with the FactoMineR package in R ( Le et al., 2008) . The T-RFLP data set was the presence-absence transformed and utilised for a multidimensional scaling analysis (MDS) in PRIMER 6 applying Bray-Curtis distance coefficients. The presenceabsence data were used instead of abundance data to minimise the effect of biases related (i) to varying total DNA extraction efficiencies with regards to soil characteristics (Martin-Laurent et al., 2001 ) and (ii) to PCR amplification biases (and particularly the preferred amplification of specific bacterial 16S rRNA sequences; Kanagawa, 2003) . Venn diagrams displaying unique and shared OTUs among the different terrain types were produced with the gplots package in R (Warnes et al., 2013) . Subsequently, environmental characteristics and bacterial community fingerprint data were combined in a redundancy analysis (RDA) to identify environmental drivers potentially shaping the edaphic bacterial assemblages. Analyses were performed in R (R Core Team, 2013) and environmental parameters that significantly contributed in explaining the biological variation were selected using the 'step' function in vegan (Oksanen et al., 2013) .
To screen for overall and pairwise differences between the terrain types and geologic units, a permutational multivariate analysis of variance (PERMANOVA) was performed using ADONIS in VEGAN (Oksanen et al., 2013) . ADONIS analysis variances were obtained using distance matrices, which were created using Euclidean distances for the environmental variables and Bray-Curtis dissimilarities for the T-RFLP presence-absence data set. Betadisper was used to investigate the homogeneity of the group variances, and ANOVA was used to determine whether these differed significantly. Subsequently, the Tukey's Honest Significant Difference method was used to identify which of the groups differed in variance. Results were used to re-interpret the ADONIS outcome. Graphical representations were realised under R software (R Core Team, 2013) , and analyses were performed using the package VEGAN (Oksanen et al., 2013) .
RESULTS

Physicochemical characterisation of the surface materials
The first two axes of the PCA explain 57% of the variability among the samples based on the 30 environmental descriptors recorded ( Fig. 2A ). There is a strong separation along the first axis of the KS4 samples, which represent higher N, P and metal concentrations (Table S1 ). KS4 and its replicate site KS3 were subsequently eliminated from the analysis to avoid skewing of the plot by the strong metal gradient. The resulting PCA is presented in Fig. 2B , where axis one accounts for 31% of the variation and separates the three desert terrain types (dune, gravel plain and ephemeral river). The Gobabeb Gravel river samples (GB), which are situated among the gravel plain samples, are an exception to this otherwise logical clustering. The first axis is strongly correlated with grain size, CEC, moisture content, and Cd, Cu, Mg, Ca and Mn concentrations ( Fig. 2C-E) .
The dune sites are characterised by their larger grain size and low concentrations of nutrients, anions and metals, and cluster closely together on the PCA plot. This indicates low heterogeneity in their overall physicochemistry (Fig. 2B ), a result confirmed by the Betadisper analysis (Fig. 3A) . The dune samples are distinct from both gravel plain and ephemeral river samples (ADONIS P = 0.001; Table S2 ). However, the significant difference from the gravel plain sites as indicated by the ADONIS analysis might be due to the large difference in intraterrain-type variability observed for the gravel plains (Tukey P < 0.05, Table S2 ; Fig. 3A ).
The samples from the ephemeral river do not form a cluster and are not significantly different from the gravel plain samples (Table S2 ). This is probably due to the Gobabeb Gravel (GB) samples, which present physicochemist- Table S1 )
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Relationships between the environmental variables with the first two PCA axes when leaving out the sites KS3&4 (B). The variables have been split over three separate correlation circles for clarity reasons and display: (C) the general descriptors, (D) the soil texture parameters, and (E) the cations, heavy metals and trace elements (abbreviations in Table S1 ). Soil samples are grouped by replicates and terrain-type are colour coded with Gravel Plains in red, Dunes in green, and River in black. The site codes and geological characterisation are described in Table 1 .
ries close to those of the gravel plain soils (Table S1 ). The Homeb Silt river samples (HM) separate from all others based on their small grain size, a large CEC and high values for Cu, Cd, Mn, Ca, Mg and P. The gravel plain sites occupy an intermediate position on the first axis, and there is a large variability in their overall environmental characteristics (Figs 2B and 3A) . The geological units from the gravel plain separate along the second axis (explaining 16% of the observed variation), which is correlated with medium grain size, nutrient levels (C, N), pH, salt content (Na, K), moisture and metals (Zn, Ni, Al, Cu) . Although the gravel plain terrain type is very heterogeneous in its general physicochemical characteristics ( Fig. 3A) , each geological unit is highly homogeneous (Fig. 3B ). Of the gravel plain sites, the saline springs (SP) are strongly discriminated due to their high salt, moisture and nutrient levels, while the surficial cover (QS) samples are characterised by a high pH and high Zn, Ni and Co concentrations.
Pairwise comparison of the different geological units indicates that the salt (SP), silt (HM) and dune (SS) sites are significantly different from all other sites based on their overall environmental conditions (with the exception of HM vs. KS1&2; Table S3 ). For the other geological units (including the high metal containing sites KS3&4), patterns seem more random. Results suggest that GB differs from most other sites, although the high intrageologicalunit variability in environmental conditions might influence the ADONIS analyses (Tukey P > 0.05; Table S3 ).
Overall, the results suggest that the grain size gradient is important in separating the three desert terrain types. In addition, the gravel plain surface soil is very heterogeneous in nature, but consists of homogeneous geological units, while the salt, silt and dune soils constitute specific surface soil types.
Namib Desert edaphic bacterial community fingerprinting
T-RFLP analysis yielded a total of 173 OTUs from the Central Namib Desert soils, ranging from 14 (GB) to 72 (KS1&2) per geological unit sampled (Fig. 4) . Comparable and high OTU richness was observed in the saline springs 
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Dunes River Table 1 . Different letters indicate significant differences (P < 0.05) in the homogeneity of group variances (Tukey test, Table S2 ). Results are colour coded per environment; Gravel Plains (red), Dunes (green), and River (black).
(SP; N = 53), high metal sites (KS3&4; N = 50) and sand sea samples (SS; N = 51). The MDS plot (Fig. 4) shows no distinct separation of the bacterial communities in the different desert terrain types based on the T-RFLP profiles, as confirmed by the high stress value. ADONIS, however, indicated significant overall and pairwise differences between the three terrains and between 47 of the 55 geologic-unit-pairs (Tables S2 & S3 ). The gravel plain and the dune samples presented similar numbers of total and unique OTUs, and shared many of their OTUs. The ephemeral river, where only two geological units were sampled, contains a lower number of OTUs, of which the majority are shared with the two other terrain types. These observations might explain the large overlap of the samples from the different terrain types in the MDS plot. In addition, the results from the MDS and the Betadisper analyses (Fig. 3C,D) reveal great intrasample variability among samples from a given terrain and geological unit. These findings suggest a high level of local spatial heterogeneity of the desert soil bacterial communities. In addition, the large degree of overlap among sites differs from the patterns observed in the physicochemical analyses.
Environmental drivers of the Namib Desert edaphic bacterial community structures
Ten variables were identified by stepwise model building as contributing significantly (P < 0.05) to the variance in the T-RFLP data set: fine silt, medium and fine sand content, pH, S, Na, Zn, Al, V and Fe concentrations. 40% of the total variance can be explained by these constraining variables, with the first two axes explaining 69.4% of this variation (Fig. 5) .
There is no clear grouping of soil samples by terrain type on the RDA plot. However, three clusters of samples can be distinguished visually (indicated by ellipses in Fig. 5 ). Cluster 1 contains the Homeb Silt (HM) and saline spring (SP) samples. The bacterial community structures at these sites are driven by small grain size, that is silt (HM , Table S1 ), and high Na and S concentrations (SP , Table S1 ). Cluster 2 consists mainly of samples from the dune terrain; that is the dune slope (SS), the Tsondab Sandstone interdune (TS) and the high metal containing KS4 samples. At these sites, the bacterial community structures are related to medium sand grains (SS & TS; Table  S1 ) and high V (TS), Zn and Fe (KS4) concentrations. Cluster 3 contains mostly gravel plain and dune samples Table 1 ). The ellipses indicate the visually identified clusters which are discussed in the results section.
(EG, KS3, KK and QS) with fine sand, high Al levels and higher pH values identified as significant drivers of their bacterial community structures.
Constraining the T-RFLP data with the environmental drivers reveals sample clustering which differs from the pattern observed in the PCA analysis and the lack of clustering in the MDS plot.
DISCUSSION
The Namib Desert is characterised by a strong xeric stress gradient, with an increasing frequency of precipitation and a decreasing frequency of fog events from west to east, and a central hyperarid zone (Eckardt et al., 2013b) . As moisture is a major driver of desert edaphic bacterial communities (Wichern & Joergensen, 2009; Stomeo et al., 2013) , this study was performed only within the 'fog zone' to minimise climatological influences.
Central Namib Desert soil surface physicochemistry
The area north of the GRTC and the Kuiseb River (i.e. the gravel plains) is home to the oldest rocks in the area; largely Precambrian schist (KS) and a series of related low relief (< 5 m) outcrops, including Cambrian Salem granites (NG). These outcrops are only partially covered by a thin (< 2 m) surficial lag (QS), rich in calcium carbonate to the east and gypsum to the west, and may incorporate modern day saline spring deposits (SP) linked to ephemeral drainage lines. The area south of the GRTC and the Kuiseb River is both younger and more dynamic, dominated by active dunes (approx. 50 m high), sandstone and conglomerates which, with a few exceptions, cover much of the schists and granites. The interdune corridors consist largely of the Tertiary Tsondab Sandstone (TS) and the younger calcified Karpfenkliff Conglomerate (KK), both of which feature a thin sandy cover. The present day Namib Sand Sea (SS) only partially covers the TS and KK. Very localised outcrops of both schist (NK) and granite (EG) can be found in some interdune corridors close to the Kuiseb River. The Kuiseb River itself is home to contemporary river sediments which are flanked by a series of young terraces that include the Homeb Silts (HM) and Gobabeb gravels (GB). Of the 30 edaphic variables measured, soil texture was the main characteristic distinguishing the three Central Namib Desert terrain types investigated, that is the ephemeral river, the gravel plains and the dune sand sea.
The Namib Desert gravel plain terrain was found very heterogeneous and to consist of distinctive geological units. This terrain type is subjected to weathering, mostly under the influence of processes controlled by water, moisture and temperature cycles (Viles & Goudie, 2013) . However, it is characterised by very stable, old surfaces on which only the strongest winds have an influence (Eckardt et al., 2013a) . Our results confirmed that the gravel plains surface soils were generally stable with low disturbance and admixtures, as each geologic unit studied presented a specific physicochemical signature.
The dune sites, however, formed a particularly distinct and highly homogeneous terrain type based on the physicochemical data. In contrast with the gravel plains, the strong influence of the wind in shaping the dune terrain (Eckardt et al., 2013a) is likely to result in considerable mixing of the different surface soils and could explain the large homogeneity in physicochemical characteristics among the different sites studied.
Contrastingly, the samples from the ephemeral river did not form a homogeneous cluster in the PCA analyses. Although both the HM and GB samples were composed of recent deposits associated with the Kuiseb River channel, they differ in origin; that is silt deposits and incised conglomerates, respectively (Eckardt et al., 2013a) . Our results clearly demonstrate that these differences in origin have led to significant physicochemical differences. However, only two river-associated lithologies were sampled. The low number of Gobabeb Gravel samples, in combination with the large variance in environmental conditions (Fig. 3B) , confirmed that this geological unit was undersampled. Therefore, and to further test its heterogeneity, a more exhaustive Namib Desert riverine sample set should in the future be studied.
Namib Desert edaphic bacterial community drivers
Soil physicochemical properties play an important role in shaping microbial communities in oligotrophic desert environments (Makhalanyane et al., 2015) . However, and in contrast to soil physicochemistry, the Namib Desert edaphic bacterial community structures in the gravel plains, sand dunes and river soils did not exhibit clear distinctive patterns and were found rather heterogeneous.
Spatial heterogeneity in bacterial community composition has previously been described in other hot desert edaphic environments (e.g. Direito et al., 2011; Ehrenfreund et al., 2011; Gonzalez-Martin et al., 2013) . In the Utah Desert for example, open soil bacterial communities displayed spatial heterogeneity with large differences in community structure over very small (cm) distances (Direito et al., 2011; Ehrenfreund et al., 2011; Kotler et al., 2011) . In such open soil environments, the heterogeneous distribution of minerals can create spatial variability in microhabitats and in (bio)available chemical elements. This has been observed in a culture-dependant study on dune sand grains from the Merzouga Desert (Morocco), where bacterial diversity was found related to different mineralogies (Gommeaux et al., 2010) . Carson et al. (2009) suggested that the patchwork distribution of different minerals in open soils may add to the spatial heterogeneity of bacterial communities. For instance, in nutrient poor environments such as desert soils, minerals that represent (a) nutrient source(s) might be preferentially colonised than minerals of poor nutrient content (Carson et al., 2009) . This implies that the spatial heterogeneity in edaphic microbial community composition could be related to the spatial heterogeneity in soil mineral content and distribution; a parameter that should further be investigated in microbial ecology studies of oligotrophic desert soils.
Overall, ten physicochemical drivers were able to explain a large portion of the total variation (40%) present in the biological dataset; corresponding to a combination of soil structure and very local and specific environmental conditions (i.e. fine silt, medium and fine sand content, pH, S, Na, Zn, Al, V and Fe concentrations). This implies that (a combination of) other (a)biotic factors (e.g. unmeasured soil physicochemical variables and/or microbial interactions) could be governing Namib Desert soil community patterns. However, this result is strong as such percentages of total variation are not to our knowledge commonly observed; particularly in arid soil systems. Indeed, in a similar RDA-based analyses on hyperarid Antarctic communities, 18% of their variation was explained by three of the eight measured variables (NO3, F, S; Makhalanyane et al., 2013) . Correlation analyses characterised soil %Silt, pH, EC, CEC and %C in the Sonoran desert and water availability and salt contents in the Atacama desert to be crucial factors in shaping edaphic communities analysed by pyrosequencing (Andrew et al., 2012; Crits-Christoph et al., 2013). In a T-RFLP-based study, it was found soil texture, and organic and water content to be significantly correlated with the edaphic community structures in various arid and Mediterranean regions of Israel (Pasternak et al., 2013) . However, these correlation studies measured a limited number (≤16) of edaphic variables in a maximum of 6 sites, while we recorded thirty variables for 22 sites. Overall, this strongly suggests that, independently from the molecular tool used, to properly determine factors shaping desert edaphic communities structures an holistic characterisation of the soil physicochemistries is crucial as local soil environmental factors appear to be determinants in microbial community assembly (Pasternak et al., 2013) .
The RDA analysis identified grain size as the major driver of edaphic bacterial communities in the Central Namib Desert, as observed in other soil bacterial communities High salt concentrations, by reducing the water (bio)availability and increasing osmotic pressure, have been shown to negatively influence microbial richness and diversity in desert soils (Zeglin et al., 2011; Stomeo et al., 2013; Van Horn et al., 2013) . We observed high moisture content and high OTU richness in the saline deposit samples. The high moisture content is due to the fact that the saline deposits exist in areas of shallow groundwater flow, which is known to follow the 1% slope of the gravel plains, surface and evaporate (Eckardt et al., 2013b and references therein). We suspect that the higher OTU richness at these sites might be due to the positive effect of increased moisture levels on bacterial abundance and diversity (Clark et al., 2009; Maienza & Baath, 2014) . Contrastingly, the generally low number of OTUs detected in the river environment was surprising, as it has been previously found positive correlations between microbial biomass and CEC, clay and fin silt contents; all of which were high in this environment (Table S1 ; Dequiedt et al., 2011) . And, fine textured soils have also been found to harbour microbial communities with high diversities (Torsvik & Ovreas, 2002) . This probably results from the fact that DNA extractions from high clay containing soils yield low amounts due to high absorption of DNA molecules on clay minerals (Yu et al., 2013) .
Several metals defined the clustering of edaphic bacterial communities identified in the RDA (Fe, V and Zn for cluster 2, Al for cluster 3; Fig. 5 ). Elevated concentrations of (heavy) metals can also represent an additional stress for bacteria, decreasing diversity and altering community structures (Ramond et al., 2009) . We noted that samples showing high metal concentrations (KS3&4) did not necessarily show a lower OTU richness as compared to the other sites (Fig. 4) , nor did the high metal content sites form a distinct cluster in either the MDS or RDA ordinations (Figs 4 and 5, respectively) . Of the metals identified as significant drivers in the RDA analysis, Fe and V were only weakly related to the first two axes of the PCA, and thus of minor importance when characterising the sites physicochemically (Fig. 2C) . However, both metals had significant influence on the edaphic bacterial community structures stressing the importance of recording a wide variety of environmental descriptors; including those that do not appear to represent distinct gradients based on physicochemistry alone.
Species sorting, the process in which the environment selects for a restricted subset of the metacommunity, could explain the observed disparity between desert terrain soil homogenous' physicochemestries and bacterial communities' general heterogeneity. It has already been observed as a mechanism of community development in extreme environments (e.g. Lee et al., 2012; Geyer et al., 2013; Van Horn et al., 2013) . This process could notably explain why the more distinct geological units (high salt content (SP), high metal concentrations (KS3&4), small grain size (HM), large grain size (SS)) did not display discrete communities (Lee et al., 2012) . Similarly, in the dune habitats, where both edaphic physicochemistries and bacterial community structures were found highly consistent, wind-mediated dispersal could be important in explaining the assembly of homogenous microbial communities (Nemergut et al., 2013) .
CONCLUSION
To conclude, this work sets strong foundation for future (desert) soil microbial ecology studies. It particularly demonstrated that no a priori selection of abiotic variable to measure should be made, as variables that were not identified as environmental descriptors of specific terrains were found to have a role in shaping Namib Desert edaphic bacterial communities. However, molecular fingerprinting (as used here) only enables access to the dominant phylotypes present in environmental microbial communities (Griffiths et al., 2011) . Therefore, a similar study using highthroughput sequencing technologies would be beneficial to better understand/define the roles of desert soil physicochemestries in community members (Lee et al., 2012) , by revealing more subtle community differences among the different geological units and/or terrain types. Moreover, it would access rare microbial taxa which have notably been shown to perform essential ecosystem functions (Shade et al., 2012) 
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